The study investigates the relationship between the green economy and poverty in South Africa from 1990 to 2017. Data on green economy indicators such as share of clean energy, CO 2 emissions, human development index, secondary school enrolment, life expectancy at birth and access to electricity are extracted from United Nations Development Programme database, while data on per capita income and percentage of population living below the poverty line, which is used as the dependent variable, are collected from Statistics South Africa. Based on the statistical properties of the data, the Auto-Regressive Distributed Lags approach is used to analyse the short-and long-run influences of the green economy on poverty reduction in South Africa. The results show that the green economy has more of significant long-run impact than short run. It also shows that share of clean energy, CO 2 emissions, human development index, secondary school enrolment, life expectancy at birth and access to electricity are the most important green economy indicators that have a significant impact on poverty reduction, while levels of income appear to have a weak impact. As a result, efforts should be more focused on improving the indicators of the green economy and sustainable development in South Africa if the increasing poverty level in the country is to be restrained.
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PUBLIC INTEREST STATEMENT
Green economy is the new paradigm shift in economic growth theories as it encompasses inclusive growth and sustainability. This is why research on it is very scarce, especially on subSaharan African economies. South Africa being one of the largest economies in the sub-region has started mapping out strategies to make economic growth has a significant impact on poverty reduction among the citizens. This is where the green economy comes in because it brings in variables of sustainability and inclusiveness that will engender the kind of growth, which can translate into poverty reduction. This paper offers an avenue for the policymakers in South Africa to identify those green economy variables that are significant to poverty reduction. Identification of these variables will enable them to prioritise them in their policy framework designed to reduce the current rising level of poverty in the country.
Subjects: O10; O11; O13
Introduction
In recent years, efforts have shifted to the attainment of green growth by African countries, especially the sub-Saharan Africa (SSA), which is among the most backward regions in the world in terms of human quality of life and productivity (Africa Development Bank, AFDB, 2016) . The report of World Bank (2014) termed "Growth is not Working" emphasised that the outstanding economic growth rates recorded by some SSA countries in recent years have failed to have any reflection on the human quality of life as well as on the general human development index (HDI) in the region. Consequently, the need for a paradigm shift from economic growth assessment via macroeconomic indicators to inclusive growth that is built on a green economy has occupied recent research.
A "green economy" gives the impression of an economy that is environmentally friendly, is sensitive to the need to conserve natural resources, minimises pollution and emissions that damage the environment in the production process and produces products and services that does not harm the environment. It is accepted that embracing a green economy will ensure reduction in poverty levels in many developing SSA countries where poverty has been on the rise within the last two decades (see Organization for Economic Cooperation and Development [OECD], 2012 [OECD], , 2013 .
As other SSA countries, poverty has become an endemic phenomenon in South Africa with its continued upsurge in recent times, and it has become a serious social menace. Poverty in South Africa has noticeably increased for decades. However, recent data provided by Statistics South Africa show that more than 50% of South Africa's population is currently affected by poverty. According to Statistics South Africa (2017), the statistics pertaining to the number of people who were living under the poverty line (R441 per person per month) increased from about 7.4 million in 2000 to 13.8 million in 2015 (SSA, 2016) . One of the most dangerous aspects of poverty that constitute a social menace is the food poverty, which has also been on the rise in the country. According to the United Nations Commission on Sustainable Development (UNCSD, 2016), one in seven South Africans (13.4%) is affected with extreme food poverty or survival on R441 or less per person per month in 2015. Effectively, this appears to be a return to the poverty levels of 2007. A decade ago, 13.7% of South Africans were extremely vulnerable to hunger, although at the time this marked significant progress as the number of those living in extreme poverty had been halved in just 5 years from 29.3% in 2002. Progress since then has stalled (SSA, 2016).
All these trends in poverty show that the renewed attention given to green economy within the last two decades appears not to be yielding the desired effort. Advocates of a green economy held that increased attention to a green economy would significantly reduce environmental hazards and promote human health, which will stimulate them to contribute more productively to the economy and improve their individual quality of lives in the long run (Klaus, Rainer & Holger, 2015) . However, the link between poverty and a green economy has generated controversies in recent years. The protagonist of a green economy as a countermeasure to poverty hinged their discussions on the promotion of a safe environment, which improves human quality of lives and enables them to contribute more to the economy in general and uplift themselves from poverty (see OECD, 2012) .
The opponents of this position explained that for a green economy to be relevant to developing countries, it has to be reconciled with the two key structural features of natural resources use and levels of poverty in these countries. First, primary products account for the majority of their export earnings, and they are unable to diversify from primary production. Second, many economies have a substantial share of their rural population located on less favoured agricultural land and in remote areas, thus encouraging "geographic" poverty traps. If green growth is to be a catalyst for economy-wide transformation and poverty alleviation in developing countries, then it must be accompanied by policies aimed directly at overcoming these two structural features. These groups of authors further argued that a "one-size-fits-all" approach, which is usually applied, to implementation of a green economy in which all countries are treated in the same manner, might not have a significant impact on poverty reduction. According to them, this would lead to failures for environment, development or both. The levels and stages of development of countries must be fully considered, and the priorities and conditions of developing countries taken into account. The principle of common but differentiated responsibility should be respected and operationalised. Thus, in considering various principles, policies and targets, adequate flexibilities and special treatment should be provided for developing countries, such as exemptions, allowance for more lenient obligations and the provision of finance, technology and capacity building (see Edward, 2015; Martin, 2016) .
The oscillating arguments identified above are indications that there is a lack of consensus on the relationship between green economy and poverty. However, OECD (2012) advocated for the inclusion of sustainable development with a green economy before the effects can trickle down to the poor. The ingredients of sustainability, which involve indicators of HDIs such as education, health and income, among others, are accepted to have a more significant impact on poverty, but this remains to be investigated in South Africa.
Consequently, the main objective of this study is to investigate the nexus between a green economy and poverty in South Africa. The remaining aspects of the article are divided into the methodology, results and discussion, followed by a set of conclusions and recommendations.
Literature review
Despite the fact that studies on the green economy are because it is a new contemporary issue in development economies, the study was able to leverage on some past studies as a guide for both methodology and variable selection. Some of these studies are discussed briefly as follows. Zeb, Salar, Awan, Zaman, and Shahbaz (2014) investigated the short-run and long-run causality relationship among energy (electricity production from renewable sources), carbon dioxide emissions, natural resource depletion, gross domestic product (GDP) and poverty in selected SAARC countries, namely, Bangladesh, India, Nepal, Pakistan and Sri Lanka, over a period of 1975-2010. The results showed that there is bidirectional Granger causality between carbon dioxide emissions and natural resource depletion in Nepal and between energy production and poverty in Pakistan. For the other three countries, the Granger causality runs from energy production to poverty in Bangladesh and India and from poverty to energy production in Sri Lanka. The results of the panel group fully modified ordinary least square (OLS) indicated that GDP and poverty have a positive impact, while carbon dioxide emission has a negative impact on energy production. The study concluded that an increase in energy production leads to a decrease in carbon emissions, whereas natural resource depletion increases carbon emissions in selected SAARC countries. Subsequently, an increase in energy production leads to an increase in GDP which further increases carbon dioxide emission in the SAARC region. Smit and Musango (2015) explored the connection between green economy and informal sector in South Africa. They assessed the ways in which the green economy and the informal economy may be connected by establishing the extent to which policies and plans relating to green economy connect with the informal economy and recognising several informal green activities. The barriers and opportunities for connecting the two spheres were also explored as well as possible ways in which such activities may be supported at different levels of organisation. In the case of South Africa, many informal green activities that contribute to sustainable livelihoods are recognised. However, issues pertaining to procedure, process and participation hinder the transition to a truly inclusive green economy. The paper revealed a number of possible connections between the green economy and the informal economy in the form of green activities, indicating that the informal economy may add much value to an inclusive green economy in the context of sustainable development and poverty eradication. The results also indicated a number of opportunities and benefits related to connecting the green economy to the informal economy which warrants further investigation. Anda et al. (2018) used the 2011 South African population census; they provided income and multidimensional poverty and inequality estimates at the municipal level. They went on to estimate a spatial econometric model to identify the correlates of poverty across municipalities in South Africa. Their results showed that both income and multidimensional poverty and inequality vary significantly across municipalities in South Africa. In general, areas that are historically characterised by low economic and welfare outcomes still experience significantly higher poverty and deprivation levels. Using both global and local spatial autocorrelation measures, they found significant and positive spatial dependence and clustering of regional development indicators. They concluded that the situation of poverty is both spatially unequal and autocorrelated. Kaggwa et al. (2013) provided an overview of South Africa's attempts to migrate to a green economy. They specifically looked at the domestic and continental implications of South Africa's reorientation of its economy towards a low-carbon growth path. However, the country has managed to put together impressive policies meant to steer it onto a trajectory of low-carbon economic growth. However, findings from the research showed that the realities facing South Africa point to an opposite direction.
Method
This aspect of the article describes the theoretical underpinnings/model specification, estimating techniques, definition of variables and sources of data.
Theory and model specification
From the macro-perspective consideration of poverty, Keynesian and neoclassical models pointed out that to reduce poverty, growth must be sustainable (green growth). It should be if a rise in demand is accompanied by aggregate supply in terms of growth in labour and capital. However, often demand accelerates ahead of supply, leading to unsustainable booms followed by deep recessions (Philip & Miguel, 2014) . Maltida (2013) 
where Δpov is change in poverty, growth is the rate of growth of per capita income, pov is poverty head count, gdp is per capita gdp, ind is employment in industry, edu is average years of schooling for adults and gov is the government expenditure on education.
Equation (1) is adopted for this study because most of the variables used are independent and describe sustainable growth, which defines green economy. As a result, the regression model to be estimated include the variables of a green economy as defined by OECD (2013) . Consequently, the model for the study is stated as follows:
pvtyr ¼ f cleaneg; C02pci; hdi; electases; edu; lifeexp; pci ð Þ
The natural log of the variables is used and the linear regression is expressed as follows:
3.2. Definition and measurement of variables
Estimating technique: Auto-Regressive Distributed Lags (ARDL) model
The choice of this estimation procedure is primarily informed by the fact that it passes the fitnessfor-the-purpose-test. For example, one option available to perform the cointegration test is the Engle-Granger approach, but its weakness lies in the fact that it is only able to use two variables. A multivariate analysis, such as that considered in this study, leads to the use of the Johansen and Juselius cointegration analysis (Johansen & Juselius, 1990) or ARDL model. The statistical equivalence of the economic theoretical perception of a stable long-run equilibrium is provided by these two models, but the choice will depend on the characteristics of the data. The guide that is followed in this study is that if all variables are stationary, I(0), an OLS model is appropriate, and if all variables integrated of the same order, say I(1), Johansen's method is suitable. But when there are fractionally integrated variables, variables at different levels of integration which comprise I(0) and I(1) variables (but not at I(2) level), then ARDL is the best model.
This study is unable to use the Johansen procedure (an option) as all the variables used in this study are not completely I(1), that is, integration of order one. This assumption is a pre-condition for the validity of the Johansen procedure. Alternatively, the ARDL model is appropriate to run the short-run and long-run relationships (Shin et al., 2014) . The choice of ARDL is further informed by the advantages it portends. First, it is not as restrictive in terms of the meeting of integration of the same order as in Johansen. Second, it is not sensitive to the size of the data as small sample sizes can also be efficiently accommodated. However, this is subject to non-compromise of the optimal lag-length selection affecting estimation efficiency owing to the consumption of the degree of freedom, and it produces unbiased estimates even in the presence of endogenous covariates (Harris & Sollis, 2003) .
The study uses ARDL since not all the variables are I(1), and there is no I(2) among them. The guide that is followed to test for the cointegration is bound test (Pedroni, 2004) . Under the bound testing, a set of critical values are based on the assumption that variables are I(0), while the other set is based on the assumption that variables are I(1) in the model. The selection criterion is that H 0 is rejected if the F-statistic is greater than the upper boundary, and it was concluded that there is a long-run relationship. But the study shall fail to reject H 0 if the F-statistic is lower than the lower boundary (Pedroni, 2004) . The cointegration test is deemed inconclusive when the F-statistic value falls within the two boundaries.
Data
Poverty is measured by the percentage of people living below equivalent of 1 USD per day and sourced from the United Nations Development Programme (UNDP) database. CO 2 emission is measured by carbon dioxide emission per capita and sourced from United Nations Environmental Programme (UNEP). Clean energy is measured by the share of clean energy and sourced from UNEP. Per capita income is measured by GDP per capita purchasing power parity and sourced from the World Bank. Education is measured by secondary school enrolment and sourced from the World Bank. Life expectancy is used as a proxy for health and sourced from Global Economic Indicator Index. Electricity access measures the percentage of the population with access to electricity. It is sourced from the World Development Indicators. HDI is sourced from the Global Economic Indicator Index.
Results and discussion
This aspect of the research work presents and discusses the results from the analysis explained in the methodology. According to the methodology, the model to be estimated is mainly on the effect of green economy indicators on poverty in South Africa.
The discussion of the results commences with the exploration of the time series property of the variables included in the ARDL model to assess their suitability for the chosen estimating technique. Therefore, the unit root test, which tests each variable for stationarity, is presented in Table 1 .
Unit root test
The augmented Dickey-Fuller (ADF) test is applied to ascertain the order of integration of each variable in the model.
The results of the unit root test indicate that two of the variables are stationary, while others are non-stationary. However, the ones that are non-stationary are eventually stationary after the first deference, thereby they are integrated of order one I(1). Only HDI and life expectancy are stationary at levels. The findings under the unit root test show that ARDL approach will be more effective to estimate the relationship between a green economy and poverty in South Africa and will examine the extent of co-movement between them as well. As a result, examining the presence of cointegration between them is the next task.
Cointegration test
ARDL cointegration test uses the bound testing, which is conducted to confirm or refute the existence of cointegration or long-run relationship. Thereafter, there will be an estimation of the long-and short-run relationships. The results of the ARDL bound test are presented in Table 2 .
The null hypothesis under the bound test is that there is no long-run relationship between a green economy and poverty in South Africa (H0: No long-run relationship). The result shown in Table 2 is an indication that a long-run relationship exists among the green economy indicators and poverty rate in South Africa because the F statistics value of 6.767133 is greater than both the lower and upper bound of Narayan (2005) critical values. The implication is that a green economy can co-move with the poverty rate. After establishing cointegration, the estimation of the long-and short-run relationships is presented in Table 3 . Table 3 explains the impacts of a green economy on poverty in South Africa during both long-and shortrun periods. The results shown in Table 3 explain the relationship between green economy indicators and poverty. According to the coefficients and their probabilities, none of the variables of the green economy have a significant impact on poverty in the short run. The implication of this result is that there exists a weak relationship between poverty and green economy indicators in the short-run period. However, the opposite is the case in the long-run period where the result indicates that many of the indicators of the green economy are significant, corroborating the results of the cointegration test affirming the existence of a long-run relationship between the two.
ARDL regressions estimation
First, clean energy is one of the key variables used to proxy a green economy, and the coefficient is negative and significant. The implication is that the more clean energy is consumed the less the poverty level. It would be recalled that poverty is proxied with the percentage of people living below 1USD per day. Clean energy has been found to have a significant inverse relationship with poverty rate. The more clean energy is consumed the less the percentage of people living below poverty line. This result is similar to the findings of Jacqueline, Borel-Saladin and Ivan (2013) on South Africa who identify the trade-off between the job loss in the fossil fuel industry and job gains in the green industry as an important aspect of assessing the effects green economy has on poverty in South Africa. The findings of the study show that job gains when attention is shifted to the green industry will be more than the job loss in the fossil fuel industry. This conclusion further strengthens the findings from this study that the green economy has a significant impact on poverty reduction in South Africa.
Second, the CO 2 consumption per capita is an indicator of a green economy. The coefficient is positive and significant also. The implication is that less consumption of CO 2 per capita will also lead to a decline in the level of poverty. The result further underscores the importance of environmental hazards in determining poverty levels in South Africa. The UNEP (2018) research also supported this result from the perspective of the toxic and harmful effect of carbon emission in the society. The outcome of the research showed that the less the people have to spend tackling health challenges from carbon pollution and other greenhouse emissions, the more their tendency of escaping from the menace of poverty. Third, the coefficient of the HDI is negative and significant. Consequently, an increase in the HDI in South Africa will lead to a decline in the number of people living below the poverty line.
Access to electricity is used as part of the predictors in the model that describes the relationship between a green economy and poverty in South Africa. The ARDL regression shows that the coefficient is negative and significant. This indicates that the more the people have access to electricity supply, the less the number of people living below the poverty line. Oosthuizen (2016) concluded from his study of four provinces in South Africa that the poverty situation in South Africa could have been worse if not for the edge the country has over other SSA countries in terms of access to electricity. According to the study, the fulcrum of rural entrepreneurial development and SMES which are antidote to the menace of poverty in the provinces investigated is impressive access to electricity in South Africa.
The number of secondary school enrolment is used to proxy education, and it is used as one of the indicators of green economy. The coefficient in the ARDL estimated model is negative and significant also. This implies that as the number of secondary school enrolment rises, the number of people living below the poverty line will be declined. This is fundamental because it has shown that education is significantly linked to poverty in South Africa.
Life expectancy at birth is used as a proxy for health. This is also used as one of the variables of a green economy. The result indicates that life expectancy at birth has significant impact on poverty rate. However, it shows a positive relationship, which suggests that the higher the rate or percentage of life expectancy at birth, the higher the number of people living below the poverty line. This emphasises the significance of health indicators as a key factor influencing poverty levels in South Africa.
Per capita income is the final variable in the model that is used to indicate a green economy. The impact of this is not significant from the estimated ARDL model although it shows an inverse relationship which can be interpreted that the more the per capita income, the less the poverty rate is. However, it does not have a significant impact on the poverty rate in South Africa as the coefficient of the Per Capita Income (PCI) fails to pass the test of statistical significance.
The error correction term is −0.066444 and is significant. This shows that there is a disequilibrium in the past, which is corrected with a feedback of approximately 6%. The implication is that the adjustment to equilibrium is in the right direction.
Diagnostic tests
Three tests are conducted to assess the validity of the ARDL regression results. They are the test of serial correlation, the heteroscedasticity test and the normality test. Their results are presented as follows:
The null hypothesis shown in Table 4 is that there is no serial correlation. Considering the probability of the F-statistics, there is a noticeable indication that there is no serial correlation problem in the estimated ARDL model as the null hypothesis is accepted.
Similarly, on Table 5 the null hypothesis is "no heteroscedasticity" as all the probabilities of the test statistics are greater than 5%, indicating that the null hypothesis is accepted. In this context, it can be concluded that there is no heteroscedasticity.
The Jarque-Bera statistics is used to assess the normality of the estimated ARDL model, and the results are presented in Figure 1 . The Jarque-Bera probability is 0.734082, which shows that the model is normally distributed. The implication is that the inferences drawn from the ARDL estimated model are valid.
The results of the stability test are presented in Figure 2 . This is done to ensure the robustness of our results. The study employs structural stability tests on the parameters of the long-run results based on the cumulative sum of recursive residuals (CUSUM) and the cumulative sum of squares of recursive residuals (CUSUMSQ) tests. The plots of both remain within the 5% critical bound. This signifies the parameter constancy and the model stability. Therefore, these statistics confirm the model stability and that there is no systematic change identified in the coefficients at 5% significance level over the study period. Figure 3 explains the optimum lag-length selection criteria for the estimated model. The Akaike Information Criteria is used, and the results show that the selected lag-length selected (ARDL 1,2,2,2,2,2,1,2) is the best for the estimates of the ARDL model.
Conclusions and recommendations
Being a relatively new research area in economics, the green economy has enjoyed few patronages from researchers across the globe, especially in SSA where data on these variables are scarce. In this context, this study has contributed to the dearth of existing literature on a green economy by using South Africa, which is the second largest economy in the SSA. Findings from the empirical analysis of the relationship between a green economy and poverty have led to the following conclusions.
First, findings from the study have shown that a long-run relationship exists between a green economy and poverty in South Africa. The implication is that a green economy has a significant longrun impact on poverty. Consequently, it is an indication that green economy indicators such as clean energy, HDI, education, life expectancy at birth (health indicator), access to electricity and CO 2 emission per capita among others all have significant permanent effects on poverty in South Africa.
Second, from the tests of statistical significance of each of the indicators used to capture the green economy, it was found that clean energy is a key factor that influences poverty levels in South Africa. As clean energy relates to source of energy that does not pose environmental hazards, CO 2 emission, which is used as a variable in the green economy model, also exhibits a significant impact on poverty. These sets of results show consistency and thus highlight the prominence of green energy in reducing poverty levels in South Africa. Based on the foregoing, it can be concluded that clean energy generation, which is energy that is devoid of environmental hazards, is a reliable indicator of a green economy that can lower poverty levels in South Africa. This conclusion is similar to OECD (2013) that access to clean energy is the preferred course of way to go in order to ensure that green economy growth impacts significantly on poverty reduction in the majority of the developing countries.
Third, the HDI is another indicator of a green economy, and the research results show that it has a significant impact on poverty reduction. Findings from the study indicate that a high HDI in South Africa will lead to the reduction in the number of people living below the poverty line. This is in accordance with the conclusion of UNCSD (2016) that countries with a high HDI also have a low poverty rate. This valid universally, and, consequently, the result of the study is justifying this assertion based on South African case. This study has shown that a positive HDI, apart from being a key variable of a green economy, is also a fundamental factor that can help reduce poverty levels in South Africa.
Education and health are proxied by secondary school enrolment and life expectancy at birth, respectively, have been shown to have a significant impact on poverty reduction in South Africa. The implication of the results of this study is that the more the people are educated, the less the people will be living below the poverty line. This is also valid for the health indicator. This follows the results of HDI that are significant because HDI comprises education, health and income indicators. However, it can be concluded from the findings of the study that a dependable education and health status contribute greatly to reduce poverty levels substantially, labelling them as reliable indicators of a green economy. ARDL(1, 2, 2, 2, 2, 2, 1, 2) ARDL(2, 2, 2, 2, 2, 2, 1, 2) ARDL(1, 2, 2, 2, 2, 2, 2, 2) ARDL(2, 2, 2, 2, 2, 2, 2, 2) ARDL(1, 2, 1, 2, 2, 2, 2, 2) ARDL(2, 2, 0, 2, 1, 2, 1, 2) ARDL(2, 2, 1, 2, 2, 2, 1, 2) ARDL(2, 2, 1, 2, 1, 2, 1, 2) ARDL(2, 2, 0, 2, 2, 2, 1, 2) ARDL(2, 2, 1, 2, 2, 2, 2, 2) ARDL(1, 2, 1, 2, 1, 2, 2, 2) ARDL(2, 2, 0, 2, 1, 2, 2, 2) ARDL(2, 2, 1, 2, 1, 2, 2, 2) ARDL(2, 2, 2, 2, 1, 2, 1, 2) ARDL(2, 2, 0, 2, 2, 2, 2, 2) ARDL(1, 2, 2, 2, 1, 2, 2, 2) ARDL(1, 2, 0, 2, 1, 2, 2, 2) ARDL(1, 2, 1, 2, 2, 2, 1, 2) ARDL(2, 2, 0, 1, 2, 2, 2, 2) ARDL(2, 2, 0, 1, 1, 2, 2, 2)
Akaike Information Criteria (top 20 models) Figure 3 . Model lag selection criteria.
